In part 1 of this study, it was discussed that dental occlusion/temporomandibular joint (TMJ) status is functionally connected to general body health. The purpose of this part of the study was to attempt to formulate a conceptual account, the ''fascial connection theory for TMJ and other parts of the body,'' to explain the functional connection between TMJ and other parts of the body. The first hypothesis that was studied is that TMJ and other parts of body are connected through the fascia as asserted by the myofascial-release schools, and the second one is that they are connected through the meridian system constituted of fascia (connective tissue). The fascial connection theory proposed here can explain the functional connection between dental occlusion/TMJ and other parts of the body based on either myofascial release or the qi and meridian system, or a combination of the two. Therefore, dental occlusion should be built up and maintained in a normal natural condition, and causes of deterioration of TMJ status should be treated in an effort to restore the natural condition. Other possible mechanisms that can account for these connections require elucidation, and additional experimental investigation should be undertaken.
Introduction
A s discussed in part 1 of this study, dental occlusion/ temporomandibular joint (TMJ) status and general body health have organic and functional relationships. However, there has been no interpretation accounting for the anatomical or functional mechanism for these relationships. Therefore, a conceptual model that can explain these relationships is needed, and the primary candidate is the fascial connections through the whole body.
TMJ disorders can originate from or have an impact on these fascial connections, and therefore treatments are needed that take the whole body into account.
1,2 A possible relationship between dental occlusion and posture control has been postulated, [3] [4] [5] and occlusion and head position have been shown to affect body balance, resulting in a change of falling risks. 6, 7 There is a close relationship between occlusal support and head posture, 8 and tooth loss has been proposed to affect postural control. 9 The effect of experimental muscle pain on the muscle spindle primary afferent neurons in the trigeminal mesencephalic nucleus was examined, and it was concluded that the activation of masseter muscle nociceptor alters spindle afferent responses to stretch. 10 In the mesencephalic nucleus of the trigeminal nerve, two types of unit were found, namely, muscle spindle first-order afferents of ipsilateral jawclosing muscles and mechanoreceptor afferents of ipsilateral maxillary and mandibular teeth.
walking, the visual fixation point is maintained by rotating gaze direction in the opposite direction, by an amount that depends on distance. 14 As to the influence of the vestibuloocular reflex on the TMJ, when muscles in the back of the neck shorten by whiplash injury or others, to compensate, the head moves slightly forward to keep the eyes parallel to the ground. This causes increased tension in front of the neck muscles, which attach to the lower jaw. These sequential processes cause stress in the TMJ. 1 The symptoms due to TMJ disorders are blurring of vision, ear pain and noise, 15 sensitivity to sound, deafness, aerotitis media, staggering gait, vertigo, dizziness, nausea, vomiting, abdominal pain, blackouts, and even loss of consciousness. 13, 16 With regard to the craniosacral therapeutic aspect, the authors would like to reemphasize that the circulation of the cerebrospinal fluid might be influenced by the TMJ, especially when abnormal strain around the TMJ caused by inappropriate vertical height and/or lateral balance exists. 17 There are well-known debates on the craniosacral rhythm, with the major point being that the cranial bones do not move, because with maturity the sutures become ossified. 18 However, a new hypothesis was recently proposed, 12 in which the influence of the thickness of the cranial bone, and hence the relative flexibility, was considered. In this mode, the apparent motion of the sphenobasilar synchondrosis takes place by a change in shape of the anterior body of the sphenoid, and this motion is accommodated by the superior orbital fissure. Therefore, this new model does not require sutures to be patent or membranous. In addition to this new hypothesis, the closure degree of sphenobasilar synchondrosis and its relationship with chronological age was examined recently. 19 The results showed mean ages of open, semiclosed, and closed sutures were 12.3, 16.1, and 21.2 years in males, and 9.0, 12.4, and 19.4 in females, based on which, the movement of this suture is possible around 20 years of age. Rapid maxillary expansion leads to a small immediate widening of the sphenobasilar synchondrosis in young people. 20 Based on these recent findings, it is thought that dental occlusion/TMJ status influence the cerebrospinal fluid circulation, because high-strength masticatory muscles such as the masseter muscle can influence the strain patterns, and as a result the shape of cranial bones. In this sense, abnormal positioning of the teeth and the TMJ influence the muscle tone of the head area, which in turn influences the cranial bone movement and cerebrospinal fluid circulation. In addition to these effects, muscle strain or other stress around the TMJ can induce changes in the brain and spinal cord. 21 The balance and movement of occiput, atlas, and axis complex and their impact on the dural meninges and cerebral spinal fluid are factors in head posture and TMJ righting as well as autonomic function. 17 Another possibility is posed by fibromyalgia. Although the exact causes of fibromyalgia are unknown, cerebrospinal fluid abnormalities were put forward as one of the causes. [22] [23] [24] [25] It was also reported that fibromyalgia was diagnosed 13 times more frequently following neck injury than following lower extremity injury. 26 This might be explained partially by the anatomical closeness of the head and neck to the central nervous system. 27 The purpose of this part of the study was to attempt to formulate a conceptual account, the ''fascial connection theory for TMJ and other parts of the body,'' to explain the functional connection between TMJ and other parts of the body. This theory may have a basis in either the myofascial release aspect or the qi and meridians, or a combination of the two.
Hypothesis Based on Myofascial Release Aspect
The first hypothesis proposes that TMJ and other parts of the body are connected through the fascia, as claimed by the myofascial-release schools.
Myofascial release and trigger point
Before starting this section, certain characteristics of the fascia are briefly reviewed. The fascia is the connective tissue found everywhere in the body that holds all of the organs in place, and surrounds and invades every tissue and organ, including nerves, blood vessels, muscle and bone, even down to the cellular level. 1, 28, 29 The fascia (1) supports and stabilizes, thus enhancing the postural balance of the body; (2) aids in the circulation of the blood and lymphatic fluids; and (3) is a major site of inflammation propagation. Among the fascial tissues, the myofascia permeates through muscle, first wrapping individual muscle fibers, and then bundles of the muscle fibers, and finally the entire muscle structure.
1 Based on optical imaging of the fascia, it was found that fibrillar arrangement of collagen type I structures is the main matrix component of the fascia Muscle fascia is a three-dimensional sheet structure enwrapping muscle bundles. It maintains structural integrity, and is involved in intercellular communication. 30 The fascia is considered an important element in musculoskeletal pain, and has been described as an element of connection between different anatomical structures. 31 Others also have focused on the role of the fascia as a threedimensional network extending throughout the whole body. 32, 33 This connective tissue network is stretched by the contraction of underlying muscles and can transmit tension at a distance. 34, 35 The fasciae are normally thought of as passive structures that transmit mechanical tension generated by muscular activities or external forces throughout the body. Some research suggested that the fasciae might be able to contract independently and thus actively influence muscle dynamics. 36 Therefore, myofascial force transmission should be taken into account when considering muscular function and its coordination, and in clinical decisions.
Additionally, the central nervous system is surrounded by the fascia; therefore, dysfunction in the fascia can have widespread neurological effects. The majority of the fascial tissues are arranged vertically, from head to toe, and there are four interconnected transverse fascial planes that criss-cross the body in a weblike manner. Therefore, if injury occurs in one part of the body, pain and dysfunction may result throughout the body because of this interconnecting system. 1, 37, 38 When the fascia malfunctions due to injury, illness, surgery, poor posture, or inflammation, it becomes tight and clamps, resulting in abnormal pressure on the nerves, muscles, bones, and organs. This excessive pressure can produce pain, headache, TMJ disorder, and restriction of motion. 1, 37, 38 TMJ and myofascial release When muscles become tense or go into spasm, hard nodules called myofascial trigger points are formed. Trigger points are a common cause of mucoskeletal pain and 1120 MOON AND LEE dysfunction. 1, 39, 40 Referred pain is felt in areas remote from the trigger points such as the TMJ, which is defined as pain that is referred to a part of the body other than the site of origin, and is common in the orofacial region. 41 Clinicians now appreciate the full chain of tissue damage of the interconnecting muscles, tendons, ligaments, and fascia. If one is to treat the occlusion of these victims intelligently, one must understand the effects of this trauma on the whole body, and not just focus singularly on the restoration or the malocclusion or the TMJ problem. 42 It has been argued that as many as 80%-90% of all TMJ disorders are related to the muscles of the body and that almost all TMJ disorder patients have referred pain originated from some muscles from head to toe. 1, 43 By removing the trigger points, referred pain will be eliminated, and importantly, these referred pain patterns are predictable. In the reverse situation (i.e., when the TMJ is afflicted with abnormalities such as a reduced vertical dimension or lateral deviation), the related muscles begin to hold a tense and abnormal position; muscle spasms occur, and before long the tension travels by chain reaction throughout the body. 1 As to the trigger points in the TMJ area, a trigger point that resembled a painful tooth with endodontic involvement was discussed. 41 An application of dry needling into the trigger points in the masseter muscle induced significant increases in the pressure pain threshold levels when compared to sham dry needling in patients with myofascial TMJ disorders. 43 Based on these reported findings, it can be proposed that fascial connections at both the microscopic and macroscopic level in the organs throughout the body influence each other and thereby coordinate the entire body. As the myofascialrelease schools have insisted, muscles and the TMJ have a close connection with one another through the fascia. Therefore, dental occlusion and TMJ status exert a powerful impact on general body health.
Hypothesis Based on Qi and Meridian Aspect
The second hypothesis proposes that the TMJ and other parts of the body are connected through the meridian system constituting the fascia (connective tissue). In this section, after a brief review of the meridian system, the relationship between the meridian system and fascia is reviewed. The ''needle-grasp'' phenomenon is reviewed to determine whether there is further support for the anatomical relationship between the meridians and fasciae, and then two models that are able to explain the remote effects of acupuncture, which can thus support the fascial connection theory, are presented.
Definitions
According to Traditional Chinese Medicine, qi is an active principle of vitality forming an essential part of every living thing. The meridians are channels along which the qi is considered to flow. Acupuncture is the procedure of inserting and manipulating needles into various points on the body to relieve pain or for therapeutic purposes. 44 According to the World Health Organization, the definition of acupuncture is the stimulation of acupuncture points using needles, moxibustion, electricity, laser, or acupressure for therapeutic purposes. 44 Modern acupuncture charts indicate 12 principal meridians, and acupuncture points are located along the meridians. 45 Anatomical relationship between acupuncture meridian and fascia Acupuncture meridians traditionally are believed to form a network throughout the body, connecting peripheral tissues to each other. 46 Studies to understand the acupuncture point/meridian systems from a Western perspective have mainly sought to identify the distinct histological features that differentiate acupuncture points from surrounding tissue, 47 and one of the histological and anatomical associations for the meridians is the intermuscular or intramuscular loose connective tissue (fascia). The anatomical characteristics of the acupuncture point and meridian system were reviewed recently, 48 which focused on two relevant anatomical associations such as nervous system and connective tissue. The nervous system correlates reported include peripheral nerves, neurovascular bundles, motor points, mechanoreceptors, free nerve endings, and neuromuscular attachments. However, no anatomical neural structure was clearly linked with the acupuncture points.
In terms of connective tissue associations, besides the fact that ancient acupuncture texts contain several references to ''fat, greasy membranes, fasciae and systems of connecting membranes'' through which the qi is believed to flow, 49 several authors have suggested that a correspondence might exist between the acupuncture meridians and the connective tissue, and the acupuncture meridians tend to be located along the fascial planes between muscles or between a muscle and bone or tendon. 47, [49] [50] [51] Additionally, the collagen within the loose connective tissue might account for the needle-grasp phenomenon at the acupuncture points. 47, 52, 53 In terms of experimental evidences, it was hypothesized that the network of the meridians could be viewed as a representation of a network of interstitial connective tissues, and this hypothesis was supported by ultrasound images showing connective tissue cleavage planes at the acupuncture points in humans. It was also reported that the anatomical relationship of the meridians to connective tissue planes is related to the acupuncture mechanism of action. 47 Rather than viewing acupuncture points as discrete entities, it has been proposed that these points might correspond to sites of convergence in a network of connective tissue permeating the entire body, analogous to highway intersections in a network of primary and secondary roads. 47 According to this road analogy, the interaction of an acupuncture needle with connective tissue would occur even at the smallest connective tissue secondary road. However, needling a major highway intersection would have more powerful effects, perhaps due to collagen fiber alignment leading to more effective force transduction and signal propagation at those points.
Support by the needle-grasp phenomenon
The Chinese character signifying the acupuncture point means a hole, 45 conveying the impression that acupuncture points are locations where the needle can gain access to deeper tissue. In acupuncture treatments, acupuncture needles are manipulated after their insertion, and needle manipulation typically consists of rapid rotation and/or pistoning of the needle. 45, 47 During needle manipulation, acupuncturists aim to elicit a characteristic reaction known as ''de qi'' or ''obtaining qi,'' widely viewed as essential to the DENTAL OCCLUSION AND GENERAL BODY HEALTH: PART 2therapeutic effect. During de qi, the patient feels an aching or needling sensation in the acupuncture area, and the acupuncturist feels pulling and increased resistance to further movement of the inserted needle, a tug on the needle that is referred as the needle grasp. 47, 53 The needle grasp is therefore a measurable biomechanical phenomenon. 52 A needle inserted at the site of a connective tissue cleavage plane penetrates first through the dermis and subcutaneous tissue, then through the deeper, interstitial connective tissue. Because the needle grasp involves an interaction of the needle with connective tissue, 53 the enhanced needle-grasp response at acupuncture points might be due to the needle coming into contact with connective tissue at those points. It was experimentally confirmed that the presence of needle grasp was consistent with the amount of connective tissue. According to the experimental evidence, the connective tissue response to the acupuncture needling was quantitatively different at acupuncture points compared with control points. 52 Collagen within the loose connective tissue might account for the needle grasp at the acupuncture points. 48, 52, 53 Two models of the remote effects Needling the acupuncture points has effects remote from the site of needle insertion, and these effects are mediated by the meridian system. 28 Physiologic models for these remote effects have been basically attributed to the nervous system 54, 55 ; however, the connective tissue network has been considered currently. 53 In the following, the action mechanisms for the remote effect of acupuncture through the meridian system and the corresponding fascial connective tissue networking are briefly reviewed according to the two previously introduced models such of durotaxis and chemotaxis.
In the durotaxis (mechanotaxis) model, biophysical force such as mechanical and electrical forces acting on the cell surface lead to intracellular and intercellular architectural remodeling, which result with biochemical reactions. 56 It has been suggested that (1) the needle grasp is due to mechanical coupling between the needle and connective tissue, with tissue winding around the needle during needle rotation; and (2) needle manipulation transmits a mechanical signal to connective tissue cells via mechanotransduction. Such a mechanism might explain both the local and remote as well as long-term effects of the acupuncture. 53 The chemotactic effect also has been proposed to explain the remote effect. Connective tissue interstitial fluid (CTIF) system forms a body fascia frame with connected layers, 57 which embeds the neurovascular tracts and connects the tunicae around the visceral organs. The frame also extends to form the periosteum. 58 It was suggested that the anatomical structure of meridian channels was related to the connective tissues and the CTIF system. 47 Based on an interdisciplinary analysis of the CTIF system, a unique hypothesis for the meridian structure plus acupuncture physiology was proposed. 59 This hypothesis is that the meridian system is a special channel network comprised of skin, having abundant nerves and nociceptive receptors, together with deeper connective tissues inside the body with the CTIF. Furthermore, these meridian channels provide efficient migratory tracks, mainly by durotaxis and chemotaxis, for mast cells, fibroblasts, and other cells to migrate and carry out physiologic functions. To confirm this experimentally, nuclear tracers were used to track the trajectory of the acupuncture meridians, and it was confirmed that the tracer migrated along the course of the meridians at a rate of 3-5 cm per minute when injected into acupuncture points. 60 In areas where the tracer was injected at nearby control points, the migration was not observed, 61 and this phenomenon was not directly attributable to veins or lymphatics, although the interpretation remains controversial. 60 Either of these two models or a combination of the two can explain in part the remote effects of the acupuncture, and the fascial connection theory might be further supported by these models.
Correlation Between Trigger Points and Acupuncture Points
Although separated in their origins by 2000 years, the acupuncture and myofascial pain traditions share certain fundamental similarities in the treatment of pain disorders. Therefore, myofascial pain data and research might help in elucidating the mechanisms of acupuncture. 62 Recent reports suggested substantial anatomical, clinical, and physiologic overlap of the myofascial trigger points and acupuncture points. 62 The myofascial referred pain data provide independent physiologic evidence for the acupuncture meridians, and inversely, the acupuncture tradition provides pain practitioners with its copious accumulated clinical experience in treating pain and visceral disorders, and offers novel pain treatment approaches and a better understanding of pain neurophysiology.
The analogy between the trigger points and acupuncture points have been discussed since 1977, 63 in which it was reported that there were 100% anatomical and 71% clinical pain correspondences for the myofascial trigger points and acupuncture points in the treatment of pain disorders. A number of similarities between them were also suggested: the two structures have similar locations; needles are used at either point to treat pain; the pain associated with the local twitch response at trigger points is similar to the de qi sensation; and the referred pain generated by needling trigger points is similar to the propagated sensation along the meridians.
In terms of experimental evidences, the remote effect of the acupuncture on the pain intensity recorded at a myofascial trigger point of a muscle was investigated. 64 Changes in the pain intensity in the myofascial trigger point region were found during and after the acupuncture treatment at remote ipsilateral acupuncture points. Cerebral hemodynamic responses during the acupuncture stimulation at the trigger points and nontrigger points were recorded by functional near-infrared spectroscopy, 65 and the findings suggested that de qi sensations favorably predicted acupuncture effects on cerebral hemodynamics regardless of the type of site stimulated.
However, it was pointed out that the acupuncture points located at the trigger points are not frequently used by acupuncturists, and do not share the same clinical indications as the trigger point therapy. 66 It was further argued that the claim of 71% correspondence between the acupuncture points and the trigger points 63 was not possible conceptually. Furthermore, even putting this conceptual
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MOON AND LEE problem aside, no more than 40% of the acupuncture points correlated with the treatment for pain, and more likely, only approximately 18%-19% of the points are actually correlated. 67 The correlation between the trigger points and the acupuncture points clearly will need further investigation in the future.
Conclusions
The fascial connection theory proposed here can explain the functional connection between dental occlusion/TMJ and other parts of the body based on either the myofascial release or the qi and meridian aspect, or a combination of the two. Dental occlusion and TMJ status exert a powerful influence on general body health, in part because these structures are very close to the central nervous system. Therefore, dental occlusion and TMJ status should be maintained, and when necessary, restored as closely as possible to the natural condition. Further possible mechanisms that can elucidate these connections should be searched for in the complementary and alternative medicine field, and experimentbased research should be followed.
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